The University of British Columbia Hospital program was designed to augment existing provincial capacity for hip and knee replacement. The patient-surgeon relationship was maintained throughout the entire care pathway and "ring-fenced" capacity (i.e., designated hospital ward bed and operating room capacity that is geographically remote from the emergency intake of patients) minimized the risk of cancellations. Analysis of the results revealed a mean patient satisfaction score of 4.7 out of 5, a complication rate of 4.4%, a mean operating room time of 1 hour and 45 minutes and a mean postoperative length of stay in hospital of 3.4 days. More than 1600 joint replacements -an additional 16% provincial capacity -were performed within budget during each of the first 2 years of operation. A high standard of care was maintained, with high rates of patient satisfaction and a low complication rate.
D
emands have been placed on national health care systems throughout the western world in recent years to reduce long treatment waiting times and efficiently manage patient care. 1 In December 2005, the provincial and territorial governments of Canada announced national waiting time benchmarks in 5 priority areas: cancer treatment, cardiac care, hip and knee surgery (joint replacement and hip fracture fixation), sight restoration and diagnostic screening. Following this announcement, the British Columbia (BC) Ministry of Health (MOH) announced a Can$60.5 million waiting time management strategy. The plan included an investment of $21.8 million in each of the 2006/07 and 2007/08 fiscal years to fund the development and implementation of a provincial specialty resource surgical program.
The University of British Columbia Hospital (UBCH) Centre for Surgical Innovation (CSI) was opened on Apr. 3, 2006, accommodating 2 new operating rooms and a 38-bed inpatient ward. The CSI was resourced to perform an additional 1600 hip and knee replacements annually to help reduce provincial waiting times to less than 26 weeks for 90% of patients. There follows a summary of the operating plan and a report of progress over the first 2 years of operation.
OPERATING PLAN
British Columbia is home to 4.4 million people, 13% of the Canadian population. 2, 3 Half of the BC population live in metropolitan Vancouver, with the REVUE rest spread over a vast area of nearly 1 million km 2 . 3 Five health authorities administer health care throughout BC, with the majority of hospital services and orthopedic surgeons located in the southern part of the province. Patients are therefore accustomed to travelling to access care.
The CSI operating plan was based on a pilot model of preoperative, operative and postoperative care practised at the Richmond General and Vancouver General hospitals. These programs were successful at decreasing operating room times and postoperative length of stay in hospital by 25%, resulting in a 27% reduction in waiting list times. The keys to this success were • improved patient flow through a centralized joint clinic designed to assess patients with osteoarthritis and related disorders (delivery was either through the Complex Joint Reconstruction Clinic at Vancouver General Hospital, relying on rapid assessment by tertiary care joint replacement surgeons, or through the Osteoarthritis Service Integration System [OASIS], providing coordinated multidisciplinary early access assessment, referral and rehabilitation); • "ring-fenced" capacity (i.e., designated hospital ward bed and operating room capacity that is geographically remote from the emergency intake of patients), minimizing the risk of surgical cancellation; and • an optimized service continuum, reducing inpatient postoperative length of stay in hospital to 3 days for knee replacement and 4 days for hip replacement. The nonemergency UBC hospital, located on the university campus, has access to internal medicine and cardiology consultation but does not have an intensive care unit. Thus, qualifications for admission to the program were set at • age younger than 80 years; • body mass index (BMI) less than 45; • American Society of Anesthesiologists (ASA) grade 1 or 2 (i.e., patients without significant comorbidities; this criterion has since expanded to include ASA 3 patients who do not have major cardiopulmonary comorbidities, thus stable coronary artery disease or revascularized coronary arteries are deemed acceptable but moderate to severe aortic stenosis is not); • primary, low-complexity hip and knee reconstruction; • physical and financial ability to travel to Vancouver and provide accommodation for their support person throughout the hospital stay; and • absence of a high dose of preoperative narcotic (contraindication for surgery). Visiting surgeons are scheduled to operate on their own patients. Instrument and prosthesis availability is determined ahead of time, and every effort is made to accommodate the wishes of the visiting surgeons to maintain familiarity with implants. Follow-up and complications are subsequently managed back in their respective regions. If the patient's own surgeon is unavailable to operate, then referral proceeds directly to a participating surgeon, or the patient is assigned to a participating surgeon by the UBCH office. In the latter case, follow-up, depending on the patient's proximity and/or willingness to travel, may be by patient visit at 2-3 months and at 12 months after surgery or by remote radiographic assessment (sent to the operating surgeon). For complications requiring hospital admission, the patient is assessed at their local emergency department: dislocations are treated locally, and patients with periprosthetic fractures and infections are transferred back to the treating orthopedic surgeon (as arranged by BC Bedline).
REFERRAL TO OPERATION
The first patient of the day is asked to report at 6:30 am on the day of surgery. Nurse-led admission paperwork is checked, anesthetic and orthopedic preoperative checks proceed at 7:15 am, and the patient is brought through to the first operating room by 7:40 am. Spinal anesthesia is preferred to facilitate surgical knife to skin by 8:00 am. Suitable surgical assistance includes a general practitioner, retired orthopedic surgeon, fellow or resident surgical trainee. While the senior surgeon is mandated to participate in the time-out portion of the Surgical Safety Checklist, this combination of staff allows a double "swing" room to commence following a 30-to 40-minute stagger, with 2 hours scheduled per operation. Every attempt is made ahead of time to achieve consensus among participating surgeons for a standard set of instrumentation to facilitate an efficient turnover of patients. The daily presence of the implant manufacturer's representative plays a key role in ensuring that inventory stock levels of all prostheses are maintained. All auxillary, operating room, anesthetic and surgical staff buy into a daily routine that allows 8 or 9 primary joint REVIEW operations to proceed during a working day from 8:00 am to 4:00 pm, using the 2-room model. One of the surgeons routinely completes 9 joint replacements per day.
Postoperatively, patients spend about 2 hours in the recovery ward before transfer to the dedicated 38-bed elective ward. Routine postoperative orders are prescibed by the surgical team for patient-controlled analgesia and allied medication, 24-hour cover of cephalosporin or macrolide antibiotic, routine thromboprophylaxis with low-molecular heparin or rivaroxaban extending to 14 days for patients who had TKR and 35 days for those who had THR (unless contraindicated or a longer period is indicated) and full weight-bearing status (unless contraindicated). There is a maximum ratio of 1 nurse to 6 patients on the recovery ward. Patients judged to be at higher postoperative risk for medical complications spend the first night in the surgical observation unit, where there is a maximum ratio of 1 nurse to 2 patients; 24-hour medical coverage is provided for this unit. While the surgical team remains responsible for the ward patients, there is dedicated daytime nurse practitioner coverage, and there is nonresident senior orthopedic fellow coverage overnight and on weekends. In BC, nurse practitioners are licensed, autonomous practitioners at the Master's degree level with a broad scope of diagnostic and prescriptive authority.
REHABILITATION
Each member of the physiotherapy team is assigned 6 patients, allowing mobilization to standing on the day of surgery if the effects of the spinal anesthetic have abated. This ratio facilitates a minimum of 2 physiotherapy sessions, each lasting 30 minutes, per patient each day. These services maximize the possibility of each patient achieving discharge eligibility within the 3-to 4-day target. Physiotherapy staffing levels throughout the working week reflect patient demand, and Saturday is staffed as a normal working day. Physiotherapist and occupational therapist presence on a Sunday ensures the 38-bed ward is ready for the start of a new working week. All arthroplasty patients are given an extensive self-management program for exercise during their stays in hospital. Resource material includes an information booklet, Before, during and after your joint replacement, and an exercise booklet specific to either total hip (THR) or knee replacement (TKR). Criteria for discharge include the ability to transfer independently, walk more than 30 minutes with crutches, safely go up and down 3 steps (or more if needed) and the ability to independently execute the home exercise program.
Acute rehabilitation at a local hospital, homecare visits or outpatient physiotherapy is arranged at the point of discharge, as appropriate. Each patient therefore has a definite next physiotherapy appointment, often within 2 days, to maintain the trajectory of their recovery. These services are arranged by UBCH with the help of each local health authority. Patients who are deemed likely to require discharge to an inpatient rehabilitation program are generally not included in the program. The level of exercise increases at 2 weeks, 6 weeks and 12 weeks for patients who had THR and twice a week for patients who had TKR (i.e., 12 physiotherapy visits at 2 visits per week for a duration of 6 weeks). This standard rehabilitation pathway, with funding provided through the CSI program, is adequate for about 83% of patients. About 17% of patients -as identified by the physiotherapist, private care doctor or orthopedic surgeonrequire an extended rehabilitation pathway of the maximum 12 physiotherapy visits. Thus, with 83% participating in the standard pathway and 17% requiring the extended rehabilitation pathway, the overall cost for rehabilitation is budgeted at $750.00 per patient who had TKR and $360.00 per patient who had THR. These visits also assess for suture or staple removal, adherence to the exercise program and identification of any other needs or issues.
RESULTS
The results of the CSI program are assessed annually by the management team in terms of the following.
• Patient access: achieving the target number of hip and knee replacements • Service quality and efficiency: achieving a high level of patient satisfaction with an efficient use of resources • Finance: cost effectiveness and efficiency
Patient access
In the 2006/07 and 2007/08 fiscal years, the CSI program achieved its headline target by performing 1609 and 1600 joint replacements, respectively (Table 1) , or about 16% of the total number of provincial cases ( Table 2) .
The raw provincial waiting list (Table 3 ) and median waiting time data (Table 4) for joint replacement are useful indicators of the success of projects such as CSI. They may, however, present an oversimplified picture and should, in isolation, be viewed with caution. That said, the total number of patients waiting more than 26 weeks in BC decreased by 15% from 3878 at the end of 2005/06 to (Table 3) . The result is a median waiting time of 3 months for hip replacements and 4 months for knee replacements (Table 4) .
One of the problems limiting the ability of the CSI program to affect patients waiting longer than 26 weeks relates to the design of the project. Only 33% of the joint replacements performed in 2006/07 and 14% of those performed in 2007/08 were for patients who had waited longer than 26 weeks (Table 1) . It is clear that the CSI contributed to a substantial reduction in the total number of ASA grade 1 and 2 patients waiting for joint replacements. It remains difficult, however, for the CSI program to directly affect the backlog of patients waiting more than 26 weeks when a considerable proportion of these patients are ASA grade 3 or 4 and are not eligible for the program. The impact of other provincial initiatives active both before and during the CSI program also cannot be ignored. Importantly, 442 few er joint replacements were completed in 2006/07 by other surgical facilities in the same health authority as UBCH, mainly as a result of the redirection of "augment" funding toward the CSI program. The overall net effect was, therefore, an additional performance of 1167 joint replacements in 2006/07. Furthermore, and unsurprisingly, there was a reluctance of both surgeons and patients to travel to UBCH from far outside of Vancouver. The vast Canadian geography will always be an important factor. Indeed, the 2 health authorities that are local to the program achieved their patient participation targets, whereas the 3 distant health authorities did not. Of the province's 99 orthopedic surgeons, 25 participated in the CSI program in 2006/07. This figure did not include any surgeons from the Northern Health Authority (NHA). In 2007/08, 28 surgeons participated in CSI activities; the additional 3 surgeons joined from local health authorities.
Service quality and efficiency
Patient satisfaction with the service provided at the CSI remains high, with a mean satisfaction score recorded at 4.7 out of 5 on a Likert scale 5 for 599 patients randomly surveyed after discharge. Any reported concerns were mainly related to waiting time and travel rather than service quality. 6 Data on patient readmission rates after surgery at the CSI for the first year were collected via a telephone survey of the first 1078 patients. Of these, 174 patients sought medical assistance, including 47 (4.4%) patients who selfreported an actual complication (i.e., deep vein thrombosis, wound infection requiring antibiotic therapy or anemia requiring blood transfusion).
Targets were well met for an average operating room time of 1 hour and 45 minutes, an average length of stay in postanesthesia recovery of 2 hours and 4 minutes and an average postsurgical length of stay in hospital of 3.4 days. 
DISCUSSION
By establishing a specialty centre separate from the other provincial emergency hospitals, the CSI has achieved an extremely efficient service. It maintains a mean operating 1 The UBCH CSI program provides an additional 16% provincial operating capacity for hip and knee arthroplasty, helping to achieve the Canadian 26-week waiting time target. By using the expertise of BC surgeons practising under the Canadian health care umbrella, the Vancouver model has maintained the patient-surgeon relationship throughout the patient care pathway. In other countries, such as the UK, procurement of additional capacity from independent sector centres has not always achieved this continuity of care. 7 Concerns have been raised regarding the ability of these independent centres to provide high-quality health care. [8] [9] [10] Challenges within the CSI framework relate to the fundamental design of the program to treat only ASA grade 1 and 2 patients. Early CSI surgeon feedback highlighted the need for the program to safely handle higher acuity ASA grade 3 patients to more directly impact the backlog of "long waiters." Whereas the program has been effective at indirectly freeing up existing capacity in regional health authorities by taking ASA grade 1 and 2 patients, a more direct approach was deemed desirable. Furthermore, while acknowledging its success, concerns were raised that by "cherry-picking" only ASA grade 1 and 2 patients, the program leaves more complex and often more costly procedures to the more remote health authorities. These concerns also parallel criticisms levelled at independent treatment centres in other countries. 11 Changes have already taken place in Vancouver to accommodate ASA grade 3 patients within the program to more directly and effectively deal with the backlog of patients waiting longer than 26 weeks. The increased staffing levels and medical coverage on the surgical observation unit have been instrumental in facilitating this change. The change has been successful and, at present, very few patients are ineligible for the CSI program, thus alleviating concerns of so-called "cherry-picking."
CONCLUSION
The Vancouver experience continues to provide the extra operating capacity that both patients and surgeons desire while protecting the patient-surgeon relationship throughout the entire patient care pathway. A high standard of care has thus been maintained with high rates of patient satisfaction and a low complication rate.
